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What is NEUT
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What iIs NEUT

ANEUT simulates neutrino interactions with
nuclei with O from ~10 MeV to 10 TeV

SUBROUTINE NEAPIVCT(IPAR,JMOD®,ENEUT,DIRNEU, IERR)

ANEUT also simulates hadron -nucleus
scattering to tune its final state
interactions model

At can now simulate QE electron  -nucleus
scattering

NEUT has a rich history:
A Developed in the 1980s for atmospheric
neutrino and nucleon decay studies

A Usedfor Super Kami o SK)iNdbel prize
winning analysis of neutrino oscillations!

A Recent development target the needs of the
SK, Hyper-K, T2K and NINJA collaborations

A NEUT developers are predominantly those
who are using NEUT for analyses
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NEUT Event Generation

A Randomly select ‘O based on the product of an input flux and NEUTS
total , O model
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NEUT Event Generation

A Randomly select interaction channel based on their cross sections for the
chosen O
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NEUT Event Generation

A Select outgoing particle kinematics according to differential cross
section for the chosen interaction channel at the chosen O
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NEUT Event Generation

A Generate remaining particle kinematics at the vertex using a best -guess
approach

2p2h example:

,Q ” ’Q ”
O

Mo 0 0] el

A Sample struck nucleon 4 -momentum independently from a Fermi

gas model and combine intoa 2  -nucleon cluster
A Assumption: no correlations between momentum and energy of
struck nucleons

A Give 4 -momentum transfer ( 4 M ) to the cluster

AoDecayd6 the cluster to two nucleons
A Assumption: 4 -momentum transfer is shared evenly between the two
nucleons
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NEUT Event Generation

A Put all outgoing hadrons individually through FSI cascade to geta
finished event
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NEUT Models

Quasi Elastic Scattering (QE/1plh)*

A Smith-Moniz Relativistic Fermi Gas

A Nieves et al. Local Fermi Gas (with RPA* and Bourguille et al. removal energy treatment)
A Benhar et al. Spectral Function e

A SuSAv2 and HF-CRPA via reweighting of Spectral Function

* The list of the nuclear models ( ’ ¢ availble is shown, each model has a choice of nucleon interaction
(" 0) treatment (i.e. the form factor model)

*RPA = Random Phase Approximation. RPA is a treatment of the suppression of the cross section due
to nuclear screening effects.
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NEUT Models

Quasi Elastic Scattering (QE/1plh)

A Smith-Moniz Relativistic Fermi Gas

A Nieves et al. Local Fermi Gas (with RPA and Bourguille et al. removal energy treatment)
A Benhar et al. Spectral Function

A SuSAv2 and HF-CRPA via reweighting of Spectral Function

Multi -Nucleon Interactions (2p2h)
A Nieves et al. (with optional Bourguille et al. removal energy modifications)

Stephen Dolan NuFact2022, Salt Lake City, 05/08/22



NEUT Models

Quasi Elastic Scattering (QE/1plh)

A Smith-Moniz Relativistic Fermi Gas

A Nieves et al. Local Fermi Gas (with RPA and Bourguille et al. removal energy treatment)
A Benhar et al. Spectral Function

A SuSAv2 and HF-CRPA via reweighting of Spectral Function

Multi -Nucleon Interactions (2p2h)
A Nieves et al. (with optional Bourguille et al. removal energy modifications)

Single Meson Production (Res and Coh)*

A Rein-Segal resonant model (with optional Berger -Segal lepton mass corrections)
A Preliminary version of M. Kabirnezhad single pion production model
A Berger-Segal and Rein-Segal coherent scattering models

A Rein diffractive pion production

* The nucleon Res models are shown, they all use a relativistic Fermi gas nuclear model
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Shallow and Deep Inelastic (SIS and DIS)
A GRV98 PDF with optional corrections from  Bodek and Yang
A Hadron multiplicity by PYTHIA v5.72(w > 2 GeVv) or a custom model (W <2 Gev)
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A Berger-Segal and Rein-Segal coherent scattering models

A Rein diffractive pion production

Shallow and Deep Inelastic (SIS and DIS)
A GRV98 PDF with optional corrections from  Bodek and Yang
A Hadron multiplicity by PYTHIA v5.72(w > 2 GeVv) or a custom model (W <2 Gev)

Final State Interactions (FSI)
A Pion FSI uses the Salcedo et al. ¢ ascade model
A Nucleon FSI uses a cascade model based on the work of Bertini et al.
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Some QE model detalls

ANEUTG6s three models use different nucl
A Each model can interface with different parametrisations of axial form factors

A Wide model spread allows improved evaluation of analysis uncertainties
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Validating QEwith e,e0 s c at

A New work within NEUT allows the simulation of electron  -nucleus scattering
A Start with NC neutrino scattering
A Alter the coupling and form factors
A Modify the coulomb corrections

A Allows use of precision eed data to validate neutrinr
S| NEUT a NEUT
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